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DEPARTMENT OF THE NAVY
NAVAl. AIR SYSTEMS COMMAND

WASHINGTON. D.C. 20361

am 4iPLY tee nO

52026B/79: JABAUG 18 17
From: Commander, Naval Air Systems Command

To: Distribution List

Subj: Composite Material and Metal-Composite Joint Workshop Meeting

Ref: (a) Telecons between John Birken (AIR-52026B), Robert Wallenberg
(Syracuse Research Corp., Syracuse, N.Y.) and others on
Distribution List

1. This is to confirm that you have been invited to attend a workshop
on composite material and metal-composite material joint electromagnetic
properties to be held on 24 and 25 August 1978 at the Naval Air Systems
Command (NAVAIR), Washington, D. C. in Room 664 JP-2 at 0900 in accordance
with reference (a).

2. The meeting is directed towards instrumentation techniques and sample
holders utilized to measure convenient size composite and composite-metal
joint sample electromagnetic properties. Measurements of specific electro-
magnetic parameters and their inter-relationships will be discussed.
Participants are invited to present reviews of their own work to date and
their planned future efforts. Notify John Birken, (202) 692-3935, if
more than 30 minutes presentation time is required.

3. A discussion of material sample panels and joints being prepared will
be held and will include the composite-metal joints being prepared by
W. Gajda (Notre Dame) under Contract Number N00019-77-C-0460. Available
test techniques will be analyzed with regard to how they affect the required
material samples being evaluated. In particular, the methods for holding
samples need to be examined for uniform testing. It is hoped that present
and future users of NAVAI-supplied samples will provide required data,
dimensions, and shapes for the samples they require.

4. A viewgraph projector will be available for use in the presentation of
viewfoil material. If possible, it is also suggested, but not required,
that written materials be included to augment the oral presentation.
Copies of viewfoil and written material will be made available to all
participants.

5. If you have any questions, need further information, or wish to modify
the agenda, please do not hesitate to contact Dr. Birken (NAVAIR) or
Dr. Robert Wallenberg, Syracuse Research Corporation, (315) 425-5228.
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FORI Oki)

The Composite Material and Metal Composites Joint

Workshop was hosted by the Naval Air Systems Command (NAVAIR).

Invitation to attend was provided by NAVAIR letter 52026B/78:

JAB of August 18, 1978. The workshop was held at NAVAIR on

24 .and 25 August, 1978.

The purposes of the workshop were:

I he meeting is directed towards instrumentation

techniques and sample holders utilized to measure

convenient size compnoite and composite-metal

joint sample electromagnetic properties. Measure-

ments of specific electromagnetic parameters and

their inter-relationships will oe discussed.

Participants are invited to present reviews of

their own work to date and their planned future

efforts.

A discussion of material sample panels and joints

being prepared will be held and will include the

composite-metal joints being prepared by W. Gajda

(Notre Dame) under Contract Number N00019-77-C-

0460. Available test techniques will be analyzed

with regard to how they affect the required

material samples being evaluated. In particular,

the methods for holding samples need to be

examined for uniform testing. It is hoped that

present and future users of NAVAIR-supplied samples

will provide required data, dimensions, and shapes

for the samples they require.

This report provides copies of the ,isual aids used

for the formal presentations.

Note: In a few instances, viewgraphs have not been included
as they were found to be unsuitable for reproduction.
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Compiosite Material and Metal Composites

Joint Workshop

24 and 25 August 1978

Chairperson: Dr. John Birken

AGENDA

Thursday, August 24, 1978

A.M.

1. J. Birken, NASC
Overview of Joints in Composite Materials

2. W. Gajda, Notre Dame
Materials preparation, measurements, and
experimental setup at Notre Dame

3. R. Wallenberg, Syracuse Research Corporation

P.M.

4. R. Carri, Grumman Aerospace Corporation

5. J. Reardon, Naval Research Laboratory

6. E. Donaldson, EES, Georgia Tech

7. R. Stratton, Rome Air Development Center

8. D. Chang, University of Colorado

Friday, August 25, 1978

A.M.

1. S. Tompkins, NASA Langley

2. D. Swink, NSWC/Dahlgren

3. R. Prehoda, NSWC/Dahlgren

P. M.

4. G. Condon, General Electric

5. J. Roden, Syracuse Research Corporation

6. G. Becktal, NSWC/WO

7. C. Scouby, McDonnell Aircraft Corporation



8. (pen lorum l

Open discussion of best parameters to measure,

comparison of techniques in accuracy, sample

size, ease of sample preparation and ease of

measurements adaptation of uniform planar jig.

Composite material sample dimension requirement

from each participant. Units results will be

reported in frequency of operation. NAVAIR will

compile results, convert to common units compare

and disseminate to all participants.

I.
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"4, 25 A" ,7F 17F N7:A:I*. C*2:":-': .. ,Tm' v:CP.K HF

___,_ OR,.k IZATION PHONE NO.

William G. Duff Atlantic Research Corp (703) 354-3400

N. Lynn Jarvis Naval Research Lab. (202)767-3550

M. Stander NAVAIR (52032D) (202)692-7543,5

Joseph P. Reardon Naval Research Lab. (202)767-2998

Harry Z. Wilson Aerospace (213)648-6253

C. D. Skouby McDonnell Aircraft (314)232-3096

Walt Gajde Notre Dame (219)283-3763

S.S. Tompkins NASA - Langley (804)827-2434

Bob Carri Grumman Aerospace (516)575-2754

David C. Chang University of Colorado (303)492-7539

R ichard ia2l Naval Surface Weapons Center (703)663-8781

Rdnald Prehoda NSWC/Dahlgren (703)663-8781

Ernest Donaldson Georgia Tech. (404)894-3535

John Birken NAVAIR (202)692-3935

Roy Stratton RADC

Robert Wallenberg Syracuse Research Corp. (315)425-5228

Vic MaZzio General Electric Co. (215)962-2372

Gene Shumaker USAF/AFFDL/FBC (513)255-3736

G. Bechtold NSWC/WOL (202)394-1746

A. Somoroff NAVAIR-320 (202)692-2515)

....................................



D~r. Johni Birkeni

Naval Air Systems Command

Overview of Joints in Composite Materials I
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TABLE I1 z7 OF COMPCZ.TEZ CA TtAC.G, AL GCATEZ COGMPOSITES
,€ dB BE L DW I OHM)

PRECuENCY AHz)

, ATERIAL A1 no eo

64 M, Al.jun- m * 47 -1226 -=5 -57,1 -850
9 Py T300 Graoftu .77 -27 - -2'5 -33.5

vPy T300 Grani, -- 5 02

_'PV Hts GraoI,te -Z -3 . -12 -'52
J4 Piv Rig 5505 Soam* - - - .. 1ii

.REEIS

18 Meshi Aluminum -A A5 . -36 -17
Mes, Aluminum .60.5 6.3 -57.7 -4.4
0 Meshi Aluminum -67.4 -7.4 -5.2 -60.4 -4.9

200 Mesh Aluminum -47.7 d &, -B8 -48.3 ;53
Mesh Phospnor Bronze -62 S1 461.5 52.5 -47

o Mesn Phosphor Sconze -45.5 .45.5 -46 -47 55
,40 Mesh Phosohor Bronze -4'7.4 .4r74 -47A -48-

4 Mes Steel-27 -0 -48 -42 -27 -7

P" OtLS

7 Mil Copper .74 -11 .;74 -133
A4il Aluminum -84 -64 -64.5 -69.5 *96.5

1 Mil Aluminum -58 -58 58 -5 -66.4
'4i Conetc Foil - 6-8 -130*

"1ATED COMPOSITES

Ply T300 -2 Mil -64 .64 -714 95.4 J195
Aluminum

Pv T300 40 Mesh -60:5 -60.5 &64)4 -1. 4 J)43
-;rrlnum

24 Ply T300 * 1' Mil .58 ;8 '.63.4 '4.64
MJuminum

Ply T200 * 1.20 Mesh 57.4 574 .,9.4 ,1.4 4153
ijminum

.4 Pl T300 .Mesh -52 -.52 4J9 -754-
osfl Or Bronze
Pv T300 + 1?0 Mesh -49 -49 5I.

-rosohO? Bronze
17 Ply Hts- 120 Meh .-47t4 -474 -49.5 - -

csohror Bronze 4

My Hts * 100 Mes -48.7 -4e.7 -49.3 59.1 a1

Phspo Bronze
ALCULATED

, S
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Table &-&.ak Travwd-nos an Ak.;.e/Ial Wire

NOTE: Vakue awe given for open circurl wau (V.CI and sthorol-oir. .ME cuwten IC I woli ID flnturs!a

A~~iAll mnetal composite

1iwgaa em ilclooeeio .o er, All Compooite"I access 40ors

Nos'tal V '10.1 -4500 -32000 -2300 O O O -5500- 0 1400

attachment I,~ A -03 -67 -nnoo -75o 5 -M8 48;
L PNearby V0,..V -90 250 -54 I 1I-130 28

str~ ~se l. A-1.3 i3.2 A8 # 0.70i - 1.5

Eli, fueae V0  2200 102 -15 -37 1 68 -1fl

I NENMP Is.A 28 1.5 0.15 UM .X82 "1 0.2ijI Eluelg 1o, - 36
___sc A__ _ _ _ _ _ _ 0.47 -- -

'Less than 0.1 volt (or amp)

Table 6.-Peak Transients on Nose/Witng Tip Wire

*Less Thatn 0.1 vo~lt (or amp)

Note: Values are civen for open circuit voltage (Vo09 or short circuit currel (1 from wire
Ao0 structural ground.

Configuration __________

Transient All metal jI ,Comstel5t wifl
Thrcal isource iclosed cockpit) All composite IDiffursion Joint]

'Nose/tail Voc. V -2.1 -6500- -

atilachmemf A -0.1 -220- -

LEMP ______________

Nose/wing tip V V -5.4 -17000 -11300 2800
attachmeni oc,

lsc A -0.2 -550 I -370C 9)5

ElI fuselapc Vor v 84- -

*Ic IA *1.3 - -

* NEMP ___

I IIUSCISPC Jv0c, V 1 76 1 'BE -24
1.1, -.02.33

L_______ ___________
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SK IRT -TOWT

S~ C c TINE WA FABRICATEX TRA
______________________________ L'O. CUT, HMACINED -AIC SECOTN-

DkIILY BO0ED WITH EA-534

1/6-CIA- RD.ID RIVE C5W

2 C 1/6 DIA BOLT7 H . .70 -N.

CYLINDER CENiTER 70WAPDS -BOT TOM
(rr PAGE. METAL RINGS FABRICATED

-FROM ALll-UM'~SKEET,; U ROLLED
AfP WELDtEO. THE RIVETS Orm BOLTS

EEPLPCED IN A 1IRCUFERE1TIAi
PPO~XIM'.ATELY 'ONE -Ila~ APART

AZALTERNATflhr 1/8 'flUC -To UTHEp,
SiDiE OF TWEl- CIRC. CTR LD~E_.

I FIMST THREE STEPS 1(4 Rtt RE.
STEP) .W--RE PRCRD MF

4~E.A-34 APPLIED TO -SWA=; r -C MOT
' STEPS, AND 'THiEN '10XZ=l9LLTd

__ . S'L-TNETAL RINGMEMZE '0~7C,10" .~ '~ .5"PLACE. REM AINIM COOS-r11E STEPS
(TYP) MIRE APPLIED TOZA-93,M CMTFED

2.5 ,VI.TAL RING IVl PLACE- MFEITAL -1ING
Sk-L FA&RiCATED;FROM12D4 ALUM1INU1.

Fiucre- 84.-Structural Uoints
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Table 7.-Peak Open Circuit Voltages for Composite %cruclures WVsus Joints

Tail L...... Wing Aess doors
Joint contri:ution I Joint.contribution JJoint contribution

1I* 1° - I ," -

2j= m r' • oint no. 1
- 15 r',r,. ,-n -. ion 2 Note: The wire cirr Jis ire identical touhosi" deicribed2 #0 mho/r joint . for the previous calcultions
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( SY'STEIri 1ADE -OFFS A-D
RATA EASE EG! T SPC)

*COMPILE DATA BASES

*UPSET '~(sWUPERSAT).

*BURNOUT)

SIINTR 1.1SlIC MATERI AL iPROPERT1iES (~~
*MATERIAL SHIELDING '(S- S)

o NONLI1NEAR DATA BASE

*COMPUTER DATA BASE

SESTABLISH TRADE-OFFS USING IEMCAP, 1AP OR
OTHER PROGRAMS WHERE NECESSARY f

PERFORM PARAMETRIC STUDIES

*WEIGHT SAVED DUE TO COMPOSITES VERSUS-
WEIIGHT LOST DUE TO INCREASED SHIELDING
REQUIREMENTS

S0COIMPILE AND TRANSMIT COMPUTER ALGORI'iHM DATA
*BASE INTO NAVAIR COMPUTER (NSRDC)

oPROVIDE INPUT MATERIAL FOR PREPARATION OF
GUIDELINES., SPECIFICATIONS AND STANDARDS

*LO'' FREQUENCY POWER TRADE-OFFS
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CYLt"lOER CENTER TOWAR4DS 0oTrM
OF PAGE. CYLINDEP WAS F*BAR4CAtIE

C c EXTRA LONG TO ,PROVIDE MATERIAL.
FOR INTER RING. WHICH WAS CUT
LONGITUDINALLY AND SOUEEZED'INSIE.

SJOINT WAS SECONDARILY.SONDEO WITHK J E&AN3 ADHESIVE.

-CYLINDER, FABRICATED EXTRA LONG,

..... WAS CUT. STEPS MACHINED AND THEN

JOINT WAS SECONDARILY BONDED WITH

____ ___ ____ ___ ____ ___ ___EA-934 ADHESIVE.

___ . . ..... _CYLINDER WAS FABRICATED EXTRA

c 1  LONG. CUT. MACHINED AND SECONDARILY

BONDED WITH EA-934 ADHESIVE.

= Jo(TYp) FIRST THREE STEPS f4 PLY PER STIEPI

WERE PRECURED (COMPACTED). EA-9g34
l"- ) APPLIED TO SANDED COMPOSITE STEPS.

! C /AND THEN LONGITUDINALLY SLIT METAL
RING MANEUVERED INTO PLACE.

. REMAINING COMPOSITE STEPS WERE

APPLIED TO EA-934 COATED METAL RING
IN PLACE. METAL RING WAS FABRICATED
FROM 2024 ALUMINUM.

..... 18 DIA RD.HD. RIVET C TOM
18 DIA BOLT M. TO M.

.CYLINDER CENTER TOWARDS OTTOM OF
PAGE METAL RINGS FABRICATED FROM
ALUMINUM SHEET, CUT. ROLLED AND
WELDED. THE RIVETS OR BOLTS WERE

PLACED IN A CIRCUMFERENTIAL ROW
APPROXIMATELY ONE INCH APART AND

T, -ALTERNATING ie INCH TO EITHER SIDE OF
f THE CIRC. CTR LINE.
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a) Anechoic -chamber

SIDE 1 SIDE 2

- ~ 1E. IT 11  '12E E [ 1 2 - 1 2 1 [ -,
I~-- - -"E 1E _T2 1 T2 EIi

LE2 I' S!21 I.2211rE

b) Transmission (T) and sr-attering paramerer K(S)
parameters of the material sheet

Figure 2.1-7 'Transmission PBaramerber )4easurement d.n an Aneohoic Chamber
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PICK UP "SIGNAL
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.a) Test vsetup

TOP-CONDUC*TOR
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',b) Cy~d~a1sections

M4aterial. Parameters I rom .Sbie-lding .Measurments an
Cy.l~indrica1 Sections
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0RIVE 711RIP

SAMPLE

-PICKUP STRIP

VR

_ G-

TO SIGNAL
GENERATOR

VGI

SAMPLE

JOINT

VR

'To
RECEIVER 

PICKUP. LINE

Figure 2.1-1 The Strip Line jointMeasurament-ConcePt
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Dr. Walt (;ajda

Notre Dame

Materials Preparation, Measurements,

and Experimental Setup at Notre Dame.
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Breakdown Thresholds

2
E(volts/m) 3 (amp/rn

3 6
minimum 3.2(10 )57.6(10)

average 3.7(10 3 103.2(10 6

3 6
maximum 4.4(10 )125.1(10)
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Graphitc/Epoxy Boron/Epo:v Kevlar

Permeability V 2 1 1

Permittivity CR Indeterminant 5.6 3.6

DC Conductivity (mhos/m)

longitudinal cL 2(104) 30 6(10- 9)

transverse c. oo 2(10) 6(10- 9)

Anisotropy Ratios (cL /C ) 200 1.5(109) 1

High Field Thresholds

longitudinal

F L (volts/in) 250 not not

iNL (amps/m) (10 ) measured measured

trnnverse

ENL (volts/m) 4000 not not

JNL (amps/m 2) (10 ) measured measurcd

sUwUARY Or ELECTRICAL FROPERTIES Or NEASURED COMPOSITES

>,.
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Figure 0-.-The Relation Betwveen Surface Response and Internal Fields



SECTION OF SHIELD SURFACE

t Zsd

Zd E, (inner surface tangential electric field)

is (d= I outer surface skin current)

THIN FOIL SURFACE

zd'sinh id 1~u &~ iii

Figure D- 7-Diffusion
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SE P.11 -I N F I N I T E
METAL BIARRIER

V

MSE = MAGNETIC SHIEL.DINC EFFECTIVENESS 20 LOG -1 DECIBELS.
i L 10 V2

WHERE V1I IS IMEASURED WITH 13- RRIER ABSENT AND V 2 WNITH BARRIER

PRESENT. I BEING KEPT CONSTANT.

MSE - A -* 1

WHERE

A -ABSORPTION LOSS (dB) - 3. X 10 3tI= (2)

R REFLECTION LOSS 1dBI

20 LOG10  [ £ , 7 ~ 40 35] (3)
r Pd

R 2 RE-REFLECTION LOSS idg)

10 LOG 10 [1- (2 X 1 0 01A IICOS 0.23AI10~ 0_2A]3 (4)

AND WHERE

t -METAL THICKNES' IMIfLS)
o CONDUCTIVITY RELATIVE TO COPPER

p*PERMEABILITY RELATIVE TO V'ACUUM
*SOURCE TO BARRIER DISTANCE (IN.)

f FREQUENCY (Hz)

Figure D- 12.-Magnetic Shielding Effectiveness Equations for Flat Plate Test
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ip -P 250' 10 17.7 volts

p Yp

1 hc iull pea k x w t I ' dif', 1t'h" rclIc&ld \a.n,!. or

2p " , 5o 10 2 x 10
0 .7.- volts

pk -- " Z-" - 15x377 100"30

Zo;(Z o + ZL = factor for constructive interference of direct and reflected
wa es

Ilk - Erk f z .

X 5.17 2 . 00
1 - x so), 10 3 x - 3 o10 377: 8 o +3 4.4 ,o)IS



( CYLINDER WAS FABRICATED EXTRA

F1

C A LONG, CUT, MACHINED AND SECON-
DARILY BONDED WITH EA-934

o~s" ADHESIVE.

18 DIA RD.HD. RIVET C TO M

2 C 1/8 DIA BOLT M. TO M.

SCYLINDER CENTER TOWARDS BOTTOM
OF PAGE. METAL RIN GS FABRICATED
FROM ALUMINUM SHEET, CUT, ROLLED

."0 . .AND WELDED. THE RIVETS OR BOLTS
WERE PLACED IN A CIRCUMFERENTIAL
ROW APPROXIMATELY ONE INCH APART
AND ALTERNATING 1/8 INCH TO EITHER
SIDE OF THE CIRC. CTR LINE.

FIRST THREE STEPS (4 PLY PER
//m//STEP) WERE PRECURED (COMPACTED),

METAL RING IN PLACE. METAL RING
WAS FABRICATED FROM 2024 ALUMINUM.

Figure 84.-Structural Joints



(a) Joint No. 2

0 NOTE. SEE FIGURE 84

z

uLJ

z 101

.01 .1 1.0 10 100
FREQUENCY. MHZ

(b) Joint Nos. 1 and 3

S 101

2

00

z
DK

.01 .1 1.0 10100
FREQUENCY, MHz

Figure 83.-Measured Joint Admittance
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Region a Conductor

Region b

Aperture

Figure 2.5.1 The General Problem of Two Regions Coupled by an

Aperture

N'/ - Conductor

Region a

a) Equivalence for Region a

Conductor

Region b

n

b) Equivalence for Region b

Figure 2.5.2 The Original Problem Divided into Two

Equivalent Problems



Mun x E,

Ea E a ' M H b Hb (7M Hb

()+ H bCM) =-Ht

a' b
EV n mn Ln H t (M n -Ht- -Ht

n n

<A,B> uffA.-B ds

apert.

7Vn mW H a(Lj)> + v w H(M )> 13i

- iWH~]x (V - IV ]N1  
K

I+ y b , 
blV



mn- axE,

i+ H(m) H b H b(-M) -- H bM

Ha CM) + Hb CM) _Hi

m V ~VH a(M) + Cv H b(M) -Hi

<A,B> wJA.B ds

apert.

V aW +~N) T4 ,. bM )> _<W H i>

L n

a> 1<W :[-][<_ V ] >

[<mHt 1 ln Nxl

by J - . 0ib - --
[ b, + y v I

V + Y



V

2

Region a Rgo

Figure 2.5.3 The Generalized Network Equivalent for

an Aperture Problem

Conductor

Region a

i

Region b
Material
sheet

Figure 2.5.4 An Aperture Covered by a Material Sheet

[Y a] [Y [sh][Yb

Region a Mat Seeta

Figure 2.5.5 Generalized Network Equivalent

for the Problem of Figure 2.5.4



[ya] I Ii [ yb]

12Ij sh
Region a 22 Region b

N S h

a) Thin Dielectric Sheet

a] [h][b]

Region a Region b

b) Thick Material Sheet

Figure 2.5.6 Approximate Network Equivalents

for the Sheet-covered Aperture
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Fig. 8. Cain and normalized field patterns for slits in Fig. 6.
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NACM/TSCC Program Review
June 13-15, 1978
Paper C-I

Development of ElectricP1 Conductive
Graphite-Fiber Reinfo ;omposites

Joseph P. Re&- n
Code 6170, Naval Research Laboratory

The purpose of this new NAVAIR-sponsored program is to develop
highly conductive graphite fiber suitable for incorporation into
composites. It is expected that one or two plies of fiber of high
electrical conductivity will suffice for providing greatly enhanced
shielding of electronic equipment within a composite structure against
electromagnetic interference (EMI) as well as improved protection
against damage from lightening and accumulated electrostatic charge.
NIRL's first choice for this task is a highly graphitized pitch-base
fiber developed by Union Carbide. The inherent high conductivity of
this highly graphitized fiber can be further increased five- to tenfold
by forming stable intercalation compounds. Conductivities about one-tenth
that of aluminum have been achieved to date and further improvements are
anticipated as new intercalants are tried. It is recognized, however,
that the need for long-term chemical stability may preclude adoption of
some of the electrically more favorable intercalants.

Intercalation of graphite fiber has to be done before prepregging.
Consequently we elected to begin our work with woven fabric so we would
be-free to intercalate and prepreg the material in small lots, all in-house.
Union Carbide has supplied us with the highly graphitized pitch fiber in a
plain weave. The fiber has a density of 2.2 g/cc; the yarn tensile strength
is about 400,000 psi and the Young's modulus is 110-12.0 million psi.
Composites of epoxy and the intercalated fabric are visually indistinguishable
from composites using the untreated fabric, and there has been no sign of
escape of intercalant during cure. A series of composite plates is being
fabricated that includes various proportions of the highly graphitized
fabric (both untreated and with various intercalants) and T300 cloth. These
plates.are' then being evaluated in terms of their electrical, mechanical,
and chemical properties. The bulk of the EMI shielding evaluation will be
carried out at NSWC-Dahlgren.

It is not our contention that better conductivity alone will solve
the EMI and related problems. We do feel, however, that the hundred-fold
increase in conductivity over that of current graphite/resin composites
that we see as achievable will give the aeronautical engineer much more
latitude in his design work.
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